Childrens' touching and mouthing behaviors during outdoor play in urban residential yards were measured using video observations. Descriptions were made of childrens' outdoor residential play environments. Behaviors assessed were used to examine (1) validity of parental responses to questions on childrens' oral behaviors and outdoor play and (2) relationships of mouthing behaviors to blood lead levels (BLLs). Thirty-seven children aged 1-5 years were recruited for 2 h of video recording in their yard and blood lead measurement. Video assessments included hourly rates of hand touches to ground/ walking-level surfaces (cement/stone/steel, porch floor/steps, grass, and bare soil) and oral behaviors. Parental questionnaires assessed their child's outdoor activities, behaviors, and home environment. The children were: mean 39 months; 51% male; 89% Hispanic; and 78% Medicaid or uninsured. Twenty-two children had a blood lead measured (mean 6 mg/dl). During taping, all children had access to cement, 92% to grass, 73% to bare soil, and 59% to an open porch. Children had frequent touching and mouthing behaviors observed (median touches/h: touches to surfaces 81; hand-to-mouth area (with and without food) 26; hand-in-mouth 7; and object-in-mouth 17). Blood lead was directly correlated with log-transformed rates of hand-in-mouth (Pearson's correlation, r ¼ 0.564, n ¼ 22, P ¼ 0.006) and object-in-mouth (Pearson's correlation, r ¼ 0.482, n ¼ 22, P ¼ 0.023) behaviors. Parental questionnaire responses did not accurately reflect childrens' observed oral behaviors, play habits, or play environment. These data confirm the direct relationship between hand-to-mouth activities and BLLs and fail to validate parental perceptions of their child's mouthing behaviors or outdoor play environment.
Introduction
Play is an integral part of a child's learning experience. Outdoor play activity is often physically active, with hands flying, feet kicking, and faces covered with mud. During normal outdoor play activities, children exhibit a wide variety of behaviors that may influence the amount of dermal contact they have with their environment. Childrens' dermal contacts are of particular concern if they occur in contaminated environments, because dermal contacts can increase ingestion of contaminants through hand and mouthing behaviors that are routine developmental behaviors (Reed et al., 1999; Juberg et al., 2001) . For some children, the outdoor environment may not be a healthy place for play due to invisible contaminants in the soil (Mielke et al., 1999; Cohen Hubal et al., 2000) . Outdoor play experiences may be associated with peaks in exposure to such contaminants (Yiin et al., 2000) .
Lead is one such soil contaminant that has gained notoriety due to its contribution to population-wide lead exposure (Mielke and Reagan, 1998) and its specific role as a source of exposure in childhood lead poisoning (Lanphear et al., 1998b) . Lead has a demonstrated negative impact on child health, causing cognitive and behavioral impairments (CDC, 2002) , even at blood levels below 10 mg/dl (Canfield et al., 2003) . In 2001, the US Environmental Protection Agency defined a soil lead hazard in areas of child play as soil lead concentration measured at 400 parts per million or higher (US EPA, 2001 ). This level is lower than what may be found in urban residential areas (Shinn et al., 2000; Binns et al., 2004) .
Currently, there is limited information on childrens' dermal and oral exposures during outdoor play and limited data to assess the relationship between parental perceptions of childrens' behaviors and childrens' observed actions (Zartarian et al., 1997; Reed et al., 1999; Freeman et al., 2001a; Juberg et al., 2001; Black et al., 2005) . No studies have evaluated the relationship between child blood lead levels (BLLs) and oral behaviors observed by video. This study was designed (1) to describe urban childrens' outdoor residential play environments, (2) to test the validity of parents' perceptions of their child's behavior patterns and outdoor play environment compared to data gathered by video observation, and (3) to assess the relationship of videoobserved oral behaviors to childrens' BLLs.
Methods

Subjects
Parents/guardians of healthy children aged 1-5 years were recruited via convenience sampling for participation from an urban health center serving primarily low-income, Hispanic patients, or through direct contacts within the area surrounding the health center. Study activities occurred over two summers (2000 and 2001) . Informed consent was obtained from parents before they completed a questionnaire in either English or Spanish and were provided with information on prevention of childhood lead poisoning. Subsequently, children were videotaped while playing in their yard. The age of the home and number of units in the building was determined from tax assessment records (NEWS, 2005) . The Institutional Review Board of Children's Memorial Hospital approved the study.
Children completed venous blood lead screening with samples processed at the Illinois Department of Public Health Laboratory using graphite furnace atomic absorption spectrophotometry. The lower limit of detection was 5 mg/dl; however; the laboratory reported values as low as 1 mg/dl and these were used in analyses, which may be more accurate than use of imputed values (Succop et al., 2004) . During the study period, the laboratory participated in proficiency testing programs through Bio-Rad Inc. (a program that compares data across laboratories) and with the Wisconsin State Laboratory of Hygiene (a program that compares data with target values). In 2000, for blood lead samples 6-12 mg/dl, the coefficient of variation ratio (an estimate of precision), reported by Bio-Rad Inc., was 1.1 and the standard deviation index (an estimate of accuracy) was 0.9; in 2001, these were 1.2 and 0.81, respectively. In 2000, among 21 samples with target blood lead 1 to 25 mg/dl provided by the Wisconsin State Laboratory of Hygiene, the coefficient of variation ratio was 1.007 and standard deviation index was À0.03; four of these samples had a target value o5 mg/dl, with two reported at the target value and two differing by 1 mg/dl.
Only BLLs obtained within 3 months of the first video session were considered in analyses. This window was selected to ensure that BLLs were obtained in seasons when children could be expected to be playing outdoors and to reduce variability due to seasonal influence on blood lead (Yiin et al., 2000; Laidlaw et al., 2005) .
Questionnaire
A parent-completed questionnaire examined the home environment and child behavioral patterns, including questions on hand and mouthing behaviors modeled after those of other studies (Lanphear et al., 1996; Freeman et al., 1997) . The questionnaire items assessed: demographic characteristics; location and conditions of the home; and the child's outdoor play experiences. Questions on outdoor play concerned time and sites of play, frequency of specific behaviors during play, and objects used during play.
Questionnaire Validation
A convenience sample of 21 parents of children aged 1-5 years not involved in the videotaping process participated in testretest validation of the questionnaire. The questionnaire was first completed in person and then again by telephone 2-7 days later when the interviewer read the questions directly off the questionnaire exactly as printed, without any additional help. The majority of questions examined at retest had categorical or Likert-scale response options (home conditions, 6 questions; child outdoor activities and actions, 12 questions) and these all had good agreement (86-100%) between test occasions. A question on average daily hours of child play outdoors (as a continuous response option) had poor agreement. The final survey included a question regarding the child's percentage of outdoor play in their yard (categorical response) and this question performed well (88% agreement) among the 17 study subjects who were retested.
Video Procedures
The procedure used in videotaping of children was a modification of a protocol from the Environmental and Occupational Health Sciences Institute (Reed et al., 1999) . The camera operator endeavored to avoid interactions with the child in order to focus on the child's natural play behavior. During taping sessions, children played with their usual toys and play partners, while their parent or designee maintained supervision of the child. No instruction was given to parents regarding how to supervise their child during outdoor play. Two hours of videotape footage was sought for each child over two or more play sessions. These sessions were scheduled during daytime hours in July to early October, according to parental preferences, and were rescheduled if it rained. Taping was paused whenever the child entered the home. Taping during play on an open porch area was considered ''outdoor''.
Videotape Translation
Translation of the videotapes was performed by using direct observation of 30 min segments. Reviewers counted touches to defined surfaces as well as oral behaviors and noted the number of contacts within an assessment category on a data sheet. The reviewer also noted which types of surfaces were available to the child during the video periods.
Surface contacts were tabulated by counting each time any part of a hand touched the following categories of ground/ walking-level surfaces: (1) cement, stone, or steel on the ground (cement); (2) porch floor or porch steps (porch); (3) grass; and (4) bare soil. If the hand touched two types of surfaces simultaneously, a touch was counted in each category. Touches to the wrist or arm (proximal to the hand) were not counted.
Oral exposures were assessed by counts in the following four areas: (1) hand-to-mouth area not with food; (2) handto-mouth area with food; (3) hand-in-mouth with or without food; and (4) object-in-mouth, including food, drinks, toys, or other objects. The mouth area was defined as the area within 1 inch of the mouth, including the lips. Items considered as in the mouth passed beyond the lips. The placement of an object or food item in the mouth for which a part of the hand also went in the mouth was counted in both categories. Similarly, touches to the mouth area while a part of the hand or an object was in the mouth were counted in all categories.
After the above reviews were completed, a single reviewer (MCV) re-examined the tapes to note the child's surface or location of play in the yard at 10 s intervals throughout the entire video sequence. Coding options included (1) within 3 ft of the building foundation on a soil surface (bare soil or with vegetation); (2) on the porch or porch steps; (3) on the lawn; (4) on cement or other solid surface (e.g., steel, stone); (5) on a garden area; or (6) on bare soil. A time point at which the child was in two locations at the same time (i.e., a foot on cement and a foot on grass) was coded in both as 1 2 count for each location. Responses for when the child's feet were off camera (i.e., the camera view focus was on the hand and mouth and surface of play could not be distinguished) were noted as such. Additionally, at each count it was noted whether the location specified above was in the yard of the residence, on the easement (including front sidewalk), or on a neighboring property.
Play Area and Residence Description
Videos were also reviewed to determine areas of the exterior environment in which the child played (e.g., porch, front, side or back yards/areas, or easement of the child's residence). Areas of play were mapped using a 12-inch grid. The total area for the portions of the exterior environment available to the child during the video encounters was determined. Easement areas abutting the child's residence (front sidewalk and the property between the sidewalk and street) were considered in analyses only if the child played in those areas during the video sessions. Neighboring properties that were sites of child play were not mapped.
Video Assessments Reliability
Three individuals performed the viewing and video translation. Interobserver reliability of the videotaping assessment methodology was examined by having each observer score seven 30-min segments independently, noting counts for each of the eight video assessment areas (four surfaces and four oral behaviors). The intraclass correlation coefficient (Fleiss, 1985) for the eight assessment areas ranged from 0.970 to 0.999, which represents excellent agreement.
Data Analysis
Data were analyzed using SPSS for Windows, release 12.0.0 (SPSS Inc., Chicago, IL, USA). For most analyses, significance was set at Po0.05. In analyses to examine rates of touches to survey question responses, significance was set at Po0.01 to account for multiple tests.
Hourly rates for video assessments were determined. Data distributions were examined for normality. Childrens' ages and BLLs were normally distributed. Rates of touches observed by video were log transformed to achieve normal distributions; to accomplish this, rates of touches o1 touch/h were first reassigned to 1 touch/h. Analyses used w 2 , Fisher's exact, t-test, kappa statistic, or Pearson's correlation coefficient, as appropriate. In analyses considering housing conditions, ''don't know'' responses were grouped with ''yes'' responses, as is the usual clinical practice (Binns et al., 1999) . Owing to small cell sizes, Mann-Whitney U-tests were used to evaluate parental survey questions (with response options grouped into more frequent versus less frequent) and hourly rates of touches to mouth, mouth area, and surfaces.
Regression models were developed to examine influences on BLLs. Owing to the known age-related pattern of childrens' BLLs (Baghurst et al., 1987; Dietrich et al., 1993) , this relationship was examined first by using a quadratic equation. Next, log-transformed oral behaviors/h significantly associated with BLLs at Po0.05 were sequentially examined.
Results
Subjects
Thirty-seven parent-child pairs completed data collection and 17 additional parents completed the survey, but their child was not videotaped. Difficulty arranging play observation sessions was the major reason for not completing participation. Those observed and not observed were similar on almost all demographic and survey response variables. However, 100% of the non-observed children lived in rental housing, while 78% of observed children did so (Fisher's exact, P ¼ 0.047); additionally, parents reported that children not observed spent less of their outdoor play time in their own yard (Fisher's exact, P ¼ 0.018). Thirty-four children completed 2 h of video assessments and three completed less (56, 81, and 85 min).
The children ranged in age from 14 to 69 months (mean 39 months; SD 16 months); approximately one-half were male (Table 1) . Most children were of Hispanic ethnicity and had Medicaid health insurance. Nearly three-quarters of the childrens' mothers were educated at or below the high school equivalent.
Parents surveyed were median 28 years old (range 19-55 years). Eighty-nine percent of respondents were the child's mother (father 3%, other relation 8%). Families had a median of five household members (range 2-10) and many (41%) had two to four children aged 5 or younger.
Twenty-two of the 37 children (59%) had a venous blood lead test within 3 months of the first video session (three before and 19 after, mean 29 days from first video session (SD 40 days)). Mean blood lead was 6 mg/dl (SD 4 mg/dl), with five children having a blood lead Z10 mg/dl (Table 1) . Not all children had BLLs due to non-compliance with scheduled blood draws or parental unwillingness to subject their child to a blood test when a prior blood lead test had been obtained in routine blood lead screening. There were no significant differences in child age, child gender, parental demographics, or video assessment findings between children with and without a blood lead test. Children with a blood test were perceived by parents as having more frequent hand, toys, or objects in their mouth during outdoor play (Fisher's exact, P ¼ 0.007); other aspects of the parental survey responses were similar among those who did and did not have a blood test.
Homes and Yards
Many families were renting an older, multifamily dwelling and had lived there for less than 2 years (Table 2 ). Many reported areas of peeling or chipping paint in their home, remodeling or painting to the inside of the home, outside of their building, or garage in the past 6 months. Most homes had an open or enclosed back porch or stairway (43% open and 46% enclosed) and respondents reported at least daily use of that entryway (60%), with 22% reporting that their child played on the back porch or stairway nearly every day. For approximately one-half of the children, their own yard was perceived by parents as the most frequent site of outdoor play and parents reported play at many locations.
Sites and Surfaces of Play
The areas of the exterior property available to the child during play observation sessions were measured for 32 children yielding a median of 891 ft 2 (range 177-4700 ft 2 ). Among these 32 children, play occurred in the front yard for 66% of children (side yard or gangway 59%, back yard 41%, and easement 50%). Agreement between play locations observed by video and parental report of usual play locations was low (kappa: front 0.47; side, back, easement all o0.13).
Among all children, 84% of total play time was spent in their own yard, 11% on the easement, and 6% at neighboring properties. Sixteen children (43%) extended their play area to a neighboring property. Overall, the children spent most of their time (67%) playing on concrete, with less time on grass (17%), porches (12%), and garden/ bare soil/dripline areas (4%).
Video Assessments -Touching and Mouthing Behaviors
During outdoor play, all 37 children had access to cement, 34 (92%) had access to grass, 22 (59%) had access to an open porch, and 27 (73%) had access to bare soil. Among those with access to the surface, children most frequently touched cement at a median 36 touches/h, with 16 touches/h to grass, 7 touches/h to porch, and 5 touches/h to bare soil (Figure 1 , Table 3 ). Among those with access to the stated surfaces, median 57% of the touches were to cement, 21% to a porch floor or steps, 11% to grass, and 9% to bare soil. Among the children with bare soil in their play area, 89% touched it one or more times during the video session. Overall, children exhibited a median 81 touches/h (Figure 1 , Table 3 ), with several children touching surfaces approximately 400 touches/h.
Hands were placed in the mouth a median of 7 times/h and an object or food was placed in the mouth a median of 17 times/h (Figure 2, Table 3 ). Children touched their mouth area with or without food a median 26 touches/h. Twenty-eight of the children (76%) had food or a drink during outdoor play. Eating or drinking while outdoors was not significantly associated with log-transformed handin-mouth counts (t-test, P ¼ 0.179), but was associated with higher log-transformed object-in-mouth counts (had food/ drink, geometric mean 22 touches/h versus no food/drink, geometric mean 5 touches/h, t-test, Po0.001). Food/drink use was not significantly associated with log-transformed total hand-to-mouth area counts (t-test, P ¼ 0.093).
Log-transformed rates of oral behaviors were closely related to each other, as the actions may have occurred simultaneously (e.g., a hand was placed in the mouth as food entered it). The hourly rate for object-in-mouth was significantly related to the hourly rates of hand-in-mouth (Pearson's correlation, r ¼ 0.368, n ¼ 37, P ¼ 00.025) and hand-to-the-mouth-area (Pearson's correlation, r ¼ 0.445, n ¼ 37, P ¼ 0.006). Hand-in-mouth was also significantly related to hand-to-mouth-area (Pearson's correlation, r ¼ 0.465, n ¼ 37, P ¼ 0.002). There were no other significant correlations found between oral behaviors and hourly rate of touches to surfaces.
Log-transformed video assessment measures were not significantly correlated with age at video (n ¼ 37, all P40.05). However, boys had a higher rate of touches to cement (geometric mean 46 touches/h) than did girls (geometric mean 18 touches/h) (t-test, P ¼ 0.030). Other video assessment measures did not vary by child gender (data not shown). 27 children with access to bare soil during the play session. There were no significant relationships found between logtransformed rates of oral behaviors or touches to surfaces and any of the survey questions (Mann-Whitney U-test, all P40.01). Parent's perceptions of their child's outdoor eating habits were inaccurate. Among the 28 children who ate outdoors during the video sessions, 13 (46%) of their parents had reported that the child never or hardly ever ate while outdoors. Additionally, parents had an incorrect assessment of their child's access to bare soil. Bare soil was observed in 67% of the play areas of those who reported no bare soil and 75% of those who reported bare soil in the play area.
Relationships between Questionnaire and Video Data
Relationships with BLLs
We next examined relationships between childrens' BLLs (n ¼ 22) and various factors expected to influence BLLs and rates of observed oral and touching behaviors. BLLs of boys and girls were similar (t-test, P ¼ 0.507). The relationship between BLL and child age followed a typical quadratic pattern with peak at approximately 3.0 years (BLL ¼ 7. We next examined relationships between childrens' BLLs (n ¼ 22) and log-transformed rates of oral behaviors and rate of touches to surfaces. Childrens' BLLs were positively correlated with rates of hand-in-mouth (Pearson's correlation, r ¼ 0.564, P ¼ 0.006), object-in-mouth (Pearson's correlation, r ¼ 0.482, P ¼ 0.023), and hand-to-mouth-area assessments (Pearson's correlation, r ¼ 0.369, P ¼ 0.091) (Figure 3) . Correlation between BLLs and overall hourly rate of touches to surfaces was low (Pearson's correlation, r ¼ À0.009, P ¼ 0.968).
In 
Discussion
Major Findings
These data provide new insights on childrens' outdoor play behaviors in an urban environment and the relationship of oral behaviors to childrens' BLLs. Young children had frequent touching and oral behaviors when outdoors. We observed them to place a hand to the ground, or similar surface, median 81 times/h; touch their mouth area median 26 times/h; place their hand in their mouth median 7 times/h; and an object (including food) in their mouth median 17 times/h. Further, a wide variability in the rates of these behaviors between children was found. Rates of childrens' hand-in-mouth and object-in-mouth behaviors were significantly positively correlated with their BLL results. Parental responses to questions about their child's usual outdoor behavior bore little resemblance to behavior actually seen and Before log transformation of counts, hourly rates o1 were set ¼ 1.
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parents were not accurate in their descriptions of locations of outdoor play. Outdoor exposures may present unique risks, so risk assessment strategies should not rely on survey data to evaluate potential outdoor exposures in populations such as ours.
Children played in many locations of their yards and extended their play to easement areas and neighboring yards. A majority of play time was spent on cement surfaces. These findings have implications for interventions aimed at lowering childrens' outdoor exposures to lead. Interventions will need to focus beyond the boundaries of the child's residential yard and address lead contamination on soil, cement, and porch surfaces. The need for neighborhood and community-wide soil intervention strategies is supported by evaluation of lead acquisition and environmental exposures among children at the Bunker Hill Superfund Site in the Silver Valley of Idaho (von Lindern et al., 2003) . They found that lead contamination in the soils from the home yard and proximal areas contribute about 30% of lead absorbed into a child's blood, community-wide soils contribute an additional 30%, and soils and dusts in the house account for the rest (approximately 40-50%).
Studies of Oral Behaviors using Video Methods
Our data on rates of hand-in-mouth behaviors are similar to hand-to-mouth frequency in studies that have used video methodology in daycare and home settings of preschool children (Reed et al., 1999; Juberg et al., 2001 ) and higher than hand-to-mouth frequency in a study that also includes older children (Freeman et al., 2001a) . Unlike other studies (Freeman et al., 2001a; Black et al., 2005) , among our sample of children videotaped only while outdoors, oral behaviors did not significantly vary by age or gender. Our narrow age range and outdoor focus or subtle variations in ways behaviors were counted may be reasons why findings differ. Reed et al. (1999) also reported object-to-mouth contacts, finding a median of approximately 4 (mean 16) objectto-mouth contacts per hour. Our rate was higher (median 17 contacts per hour) and is similar to that reported for preschool children at the US/Mexican border (Black et al., 2005) .
There are several reasons why we considered food and drink taken outdoors to be objects. First, particularly for Video assessment during outdoor playdrinks, the child often did have an object in the mouth during the fluid ingestion (i.e., straw, cup). Further, efficient transfer of lead contaminants on children's hands to food has been demonstrated (Melnyk et al., 2000; Freeman et al., 2001b) . Thus, food that has been handled may itself be a source of toxicant exposure. The videos showed children touching items such as the straw in their juice box, the upper lip of the drink cup or container, and foods. Given the relatively high frequency of food ingested outdoors, cautions to parents on safe food handling in areas where soil is contaminated are needed.
Our study also evaluated the frequency of contacts to environmentally important surfaces such as cement, grass, bare soil, and porches. The rate of contacts with bare soil (five touches per hour among exposed children) that we found was much higher than that found by Reed et al. (1999) (median 0.3 contacts/h, regardless of opportunity). This is likely due to our exclusively outdoor focus and consideration of exposure. Also, possibly the surfaces in the outdoor environment are different in urban yards than yards in other areas (i.e., more cement and bare soil, and less grass). Hand contamination by lead has a strong relationship to a child's BLL (Succop et al., 1998) . However, the efficiency of transfer of lead from various surfaces (cement, grass, or porch components) to the hand has not been examined. A higher rate of boys touching cement is a new finding and may reflect varying modes of play.
Even among this small sample of children, we were able to demonstrate a strong correlation between BLL and rate of hand-in-mouth and object-in-mouth behaviors. Since lead dust is not cleaned effectively with a single wipe of the hands (Que Hee et al., 1985) , it is likely that some combination of frequency and duration of mouthing behavior would lead to a most efficient ingestion pattern for lead contamination on the hands.
Questionnaires
We found that parental questionnaire responses did not accurately characterize children's behaviors or oral exposure while outdoors. Reed et al. (1999) also found that data from their questionnaires (10 subjects) did not consistently correspond with the frequency counts of oral behaviors from their videotaping method. Black et al. (2005) reported a significant positive linear relationship between hand-tomouth video observations and parental reports. However, in that study even those parents reporting ''never'' had children whose hand-to-mouth behaviors were approximately two-thirds of those reporting ''often''. Parental misperceptions may be one reason that questionnaire responses have not significantly been associated with blood lead in other studies (Lanphear and Roghmann, 1997) .
Clearly, children studied were at risk for elevated blood lead due to their residence in an older home, which may contain lead hazards from paint, dust, and soil. The recent National Survey of Lead and Allergens in Housing found that for homes built before 1940 and with children 5 years or younger in residence, 94% had a lead-based paint hazard (Jacobs et al., 2002) . Approximately one-third of our respondents reported areas of peeling and chipping paint in the home and nearly one-half reported remodeling or painting in the home in the past 6 months. These high rates of disrepair and remodeling/repair activity are not unlike what has previously been reported by parents living in older homes (Mehta and Binns, 1998) .
The presence of lead-contaminated dust (Lanphear et al., 1998a ) and a report of recent home remodeling (US EPA, 1999) have both been associated with elevated blood lead. In our small sample, parent report of remodeling activity or paint in disrepair was not associated with a higher child's BLL. Although these factors are important components of exposure, parents may be unreliable in their assessment of risks in their own homes (Gallicchio et al., 2002) .
The parent-reported questions to assess time children spent outdoors were not reliable in test-retest validation, likely because such activities may vary day to day. Another method, such as a diary, may be needed to estimate the duration of exposure to the outdoor home environment (Schwab et al., 1992; Freeman et al., 1999) .
Limitations
Since we were primarily interested in childrens' outdoor behaviors, children were not videotaped inside their homes. Thus, we were unable to determine if there were differences in indoor and outdoor touching behavior patterns. However, outdoor rates of hand-in-mouth frequency reported here are similar to rates reported by other studies using video methods in both indoor and outdoor settings (Reed et al., 1999; Juberg et al., 2001) . Additional studies that include both outdoor and indoor activities are needed to further delineate how behavior patterns vary by exposure milieu.
This study did not evaluate the environmental lead concentrations inside or outside the homes of children. However, children were recruited from a neighborhood previously reported to have high levels of lead in soil (Shinn et al., 2000; Binns et al., 2004) . Environmental lead sampling concurrently with video assessments would have improved our ability to describe the environments of these children and possibly have improved our ability to explain BLL variations. Community-wide soil sampling would have been optimal (von Lindern et al., 2003) .
While the frequencies of contacts were observed, the duration of these contacts was not assessed. Therefore, the relative importance that duration of contact has to lead exposures cannot be evaluated with these data. However, Black et al. (2005) used a video-observation method to determine both frequency and time of oral behaviors; in general, they report longer contact time for groups of children with higher frequency oral behaviors.
The study was performed during summer months and BLLs were limited to the months when the influence of the outdoor environment on BLL is expected to be highest (Yiin et al., 2000; Laidlaw et al., 2005) . Outdoor play behaviors likely would vary if it was cold or rainy. Future studies may need to evaluate seasonal changes in child behavioral patterns.
This study was limited to a relatively small number of children of narrow socioeconomic strata with small yards in an urban environment. However, the distribution of BLL results found was as expected for Chicago. Among the approximately 101,000 children tested in Chicago in 2000 and 114,000 tested in 2001, 14% and 11%, respectively, had a blood lead Z10 mg/dl (Anne Evens, MPH, Director, Chicago Department of Public Health Environmental Lead Program, October 29, 2002 and February 5, 2003, personal communication) . Suburban or rural children may have different patterns of play, as the space and amenities for play likely differ.
When taking the video, the operator strove to maintain the child's hands and mouth in the camera view at all times. However, because children at play may be very active, this was not always possible. Therefore, our estimates may be somewhat lower than what would be found if multiple camera angles were available. Further, we did not count touches to all surfaces in the exterior environment. Touches to other items, such as building exterior walls, porch railings, and fences, may also be sources of lead-contaminated dust.
Conclusions
Young children have frequent touching and oral behaviors when outdoors. A wide variability in rates of these behaviors between children was found. The frequency of hand-inmouth and object-in-mouth activities was each significantly correlated with childrens' BLLs. Children played throughout their yards and extended play outside their property boundary. Interventions to lower childrens' exposures to lead-contaminated soil will need to treat neighborhoods, not just properties. Parental questionnaire responses did not reliably measure childrens' oral behaviors or assess their outdoor environment. Assessments of child risk for toxic exposures in the outdoor environment using parental questionnaires should be approached with caution.
